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Data collection 
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(CrysAlis PRO; Agilent, 2010) 
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The title thiourea derivative, C 14 H lg N 4 05S, features two 
substantial twists between its component fragments: the 
dihedral angle between the SN 2 C (thiourea) and ONC 2 
(amide) residues is 48.89 (7)° and that between the benzene 
ring and the amide residue is 30.27 (7)°. In the crystal, 
molecules are linked by bifurcated N— H- ■ (0,S) hydrogen 
bonds, generating [001] supramolecular chains. 

Related literature 

For the biological activity of thiourea derivatives, see: 
Venkatachalam et al, (2004); Saeed et al (2011). For related 
thiourea structures, see: Gunasekaran etal. (2010); Saeed et al. 
(2010); Dzulkifli et al. (2011). 



Refinement 

R[F 2 > 2a(F 2 )} = 0.055 

wR(F 2 ) = 0.154 

S = 1.02 

3614 reflections 

221 parameters 

1 restraint 



Table 1 

Hydrogen-bond geometry (A, °). 



H atoms treated by a mixture of 
independent and constrained 
refinement 

A/w = 1.04 e A~ 3 

Ap mi „ = -0.46 e A~ 3 



D-H-A 


D — H 


H-A 


D-A 


D-H-A 


N2-H2-01' 


0.87 (1) 


2.53 (2) 


3.264 (3) 


142 (2) 


N2-H2---S1' 


0.87 (1) 


2.69 (2) 


3.436 (2) 


144 (2) 


Symmetry code: 1 


i) x, -y + iz + i 









Data collection: CrysAlis PRO (Agilent, 2010); cell refinement: 
CrysAlis PRO; data reduction: CrysAlis PRO; program(s) used to 
solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to 
refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
ORTEP-3 (Farrugia, 1997) and DIAMOND (Brandenburg, 2006); 
software used to prepare material for publication: publCIF (Westrip, 
2010). 

The authors are grateful to Allama Iqbal Open University, 
Islamabad, Pakistan, for the allocation of research and 
analytical laboratory facilities. The authors also thank the 
University of Malaya for supporting this study. 




Experimental 

Crystal data 

C 14 H 18 N 4 0 5 S 
M, = 354.38 
Monoclinic, P2^/c 
a = 7.9406 (4) A 
b = 21.2839 (10) A 



c = 9.5967 (4) A 
P = 94.379 (4)° 
V = 1617.17 (13) A 3 
Z = 4 

Mo Ka radiation 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: HB5845). 
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l-(3,5-Dinitrobenzoyl)-3,3-dipropylthiourea 

S. Saeed, N. Rashid, M. Sher, S. W. Ng and E. R. T. Tiekink 
Comment 

The biological potential of thiourea derivatives (Venkatachalam etal, 2004; Saeed et ah, 2011) motivates structural studies 
of these compounds (Gunasekaran et ah 2010; Saeed et ah 2010; Dzulkifli et ah, 2011). Herein, the crystal and molecular 
structure of the title thiourea derivative, (I), is described. 

The molecular structure of (I), Fig. 1, shows a significant twist around the central atoms as seen in the value of the 
dihedral angle formed between the least-squares planes through the S1,N1,N2,C7 (thiourea) and 01,N2,C8,C9 (amide) 
atoms of 48.89 (7) °. Further, the benzene ring is twisted out of the plane of the carbonyl residue as indicated by the 
01— C8— C9— C10 torsion angle of 147. 1 (2) °. With respect to the S1,N1,N2,C7 plane, the n-propyl groups lie to either 
side. Whereas the 02-nitro group is co-planar with the benzene ring to which it is bonded, the 02 — N3 — Cll — C10 torsion 
angle = -4.2 (3) °, the 04-nitro group is slightly twisted out of the plane as seen in the value of the 04 — N4 — C13 — C12 
torsion angle of -9.3 (3) °. 

The crystal packing is dominated by N — H - 0,5 hydrogen bonds as the Nl — H H atoms is bifurcated, Table 1. These 
result in the formation of six-membered {—H— OCNCS} synthons and linear supramolecular chains along the c direction, 
Fig. 2. 

Experimental 

A solution of 3,5-dinitrobenzoyl chloride (0.01 mol) in anhydrous acetone (75 ml) and 3% tetrabutylammonium bromide 
(TBAB) as a phase-transfer catalyst (PTC) in anhydrous acetone was added drop-wise to a suspension of dry potassium 
thiocyanate (0.01 mol) in acetone (50 ml) and the reaction mixture was refluxed for 50 min. After cooling to room temper- 
ature, a solution of dipropyl amine (0.01 mol) in anhydrous acetone (25 ml) was added drop-wise and the resulting mix- 
ture refluxed for 3 h. Hydrochloric acid (0.1 N, 300 ml) was added and the solution was fdtered. The solid product was 
washed with water and purified by re-crystallization from ethyl acetate to yield light-yellow prisms of (I). Yield: 1.29 g 

(82%); M.pt. 407^108 K. IR (KBr, cm" 1 ): 3173 v(NH), 1690 v(C=0), 1536 v(benzene ring), 1180 v(C=S). Anal. Calcd. for 
Ci 4 H 18 N 4 0 5 S: C, 47.45; H, 5.12; N, 15.81; S, 9.05%. Found: C, 47.53; H, 5.17; N, 15.75; S, 9.03%. 

Refinement 

Carbon-bound H-atoms were placed in calculated positions [C — H 0.93-0.97 A, C/i S0 (H) 1.2-1.5C/ e q(C)] and were included 
in the refinement in the riding model approximation. The amino H-atoms were located in a difference Fourier map, and 
were refined with a distance restraint of N — H 0.88±0.01 A; the U[ so values were refined. The maximum and minimum 

residual electron density peaks of 1.04 and 0.46 e A" 3 , respectively, were located 1.05 A and 0.33 A from the C2 and H2a 
atoms, respectively. 
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Figures 




Fig. 1. The molecular structure of (I) showing displacement ellipsoids at the 35% probability 
level. 



Fig. 2. Supramolecular chain aligned along the c axis in (I) mediated by N — H—O, S hydro- 
gen bonding shown as blue and orange dashed lines, respectively. 



1-(3,5-Dinitrobenzoyl)-3,3-dipropylthiourea 



Crystal data 
Ci 4 H 18 N 4 0 5 S 
M,.= 354.38 
Monoclinic, P2\lc 
Hall symbol: -P 2ybc 
a = 7.9406 (4) A 
6 = 21.2839 (10) A 
c = 9.5967 (4) A 
(3 = 94.379 (4)° 

V= 1617.17 (13) A 3 
Z=4 



^(000) = 744 

D x = 1.456 MgnT 3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 3443 reflections 

6 = 2.3-29.3° 

|i = 0.23 mm 1 

7/= 295 K 

Prism, light yellow 

0.30 x 0.20 x 0.10 mm 



Data collection 

Agilent SuperNova Dual 

diffractometer with an Atlas detector 

Radiation source: SuperNova (Mo) X-ray Source 

Mirror 

Detector resolution: 10.4041 pixels mm" 1 
co scans 

Absorption correction: multi-scan 
(CrysAlis PRO; Agilent, 2010) 
r min = 0.933, J max = 0.977 
8055 measured reflections 



3614 independent reflections 

2878 reflections with / > 2a(7) 
= 0.027 

©max ~~ 27.5 , 9 mjn ~~ 2.3 

/i = -10->-10 
k = -27^26 
/=-12-»10 



Refinement 



Refinement on F 



Least-squares matrix: full 
R[F 2 > 2a(F 2 )} = 0.055 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 
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H atoms treated by a mixture of independent and 
constrained refinement 

w = l/[o 2 (F 0 2 ) + (0.0697P) 2 + 1.1729P] 
where P = (F 0 2 + 2F c 2 )/3 
(A/o) max = 0.001 

Apmax= 1.04 eA -3 
Apmin = -0.46 e A~ 3 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 
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wR(F 2 ) = 0.154 

S= 1.02 

3614 reflections 
221 parameters 
1 restraint 
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Atomic displacement parameters (A 2 ) 
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CZ — C 3 — H 3 A 


1 AA £ 
109.3 


CZ — C3 — H 3 B 


1 AO ^ 


I I ") a f~~"J TJ1T3 

H3A — C3 — H3B 


1 AA £ 
109. J 


PO pQ TTIZ" 1 

CZ — C3 — H 3 C 


1 AA £ 
109. J 


i n a pi 1 n p 
H3A — C3 — H3C 


1 AA £ 
109. J 


1J1D PI UQP 

H3B — C3 — H3C 


1 A A C 

109.5 


xt i p4 pc 




Nl — C4 — H4A 


109.3 


C5 — CA — H4A 


109.3 


Nl — C4 — H4B 


109.3 


C5 C4 H4B 


109.3 


H4A— C4— H4B 


108.0 


C7— Nl— CI— C2 


-79.3 (3) 


C4— Nl— CI— C2 


110.2 (3) 


Nl— CI— C2— C3 


-52.9 (4) 


C7— Nl— C4— C5 


-86.1 (3) 



z^n pin 

cy — c i u 


1.3y4 (3) 


Pin pi i 
C1U — Cll 


1.3 /y (3) 


no Hio 

V 1 u — 1 1 1 u 


\j.y juu 


Cll — C12 


1.380 (3) 


C12 — C13 


1.378 (3) 


C12 — H12 


0.9300 


C13 — C14 


1 379 (3) 


C14 — H14 


0.9300 


p A PC P/T 

C4 — CD — Co 


in i n\ 
YY 1.1 {!) 


P A PC IIC A 

C4 — CD — HDA 


iuy.z 


Pi£ pc Tjc A 

Co — CD — HDA 


iuy.z 


p A pc TTCT3 

C4 — CD — HDB 


iuy.z 


Co — CD — HDB 


iuy.z 


TJC A ( ' < urn 

HDA — CD — HDB 


iu/.y 


PC f~>r tt/: a 

CD — Co — HO A 


luy.D 


( ' Z p/r I I / n 

CD — Co — HOB 


luy.D 


1 I /C A P/T | |/.D 

H0A — Co — HOB 


luy.D 


{ ' £ P/C I I/'/' - 

CD — Co — HOC 


luy.D 


H0A — Co — HOC 


luy.D 


1 1 / n P/i i I/;/' - 

HOB — Co — HOC 


luy.D 


XT1 Z~"7 \n 

JN 1 — C / — JNZ 


1 1 A 1 /">\ 

1 14. Z (Z) 


XT 1 Z^*7 CI 

JN 1 — C/ — ol 


1Z4.3D (lo) 


\n p-7 c 1 
JNZ — C/ — bl 


m "5 O / 1 T\ 

1Z1.30 (1 1) 


Z~i1 p O XT') 

Ol — Co — JNZ 


1Z4.3 (Z) 


r\ i po pn 

Ul — Co — cv 


ny. / (Z) 


\n po pn 
JNZ — Co — Cy 


i i r ni ^1 n\ 

iiD.y3 (iy) 


p| y| nn p i n 

C 1 4 — Cy — C 1 U 


ny.y (Z) 


p 1 /i pn p o 
C14 — Cy — Co 


in/; /">\ 

1 1 / .0 (Z) 


P 1 p. pn P Q 

c i u — cy — Co 


1ZZ.3 (Z J 


p 1 1 pm pn 
Cll — C1U — Cy 


no/; p>\ 
11 0.0 (Z) 


p 1 1 pin TT 1 Pi 

Cll — C1U — H1U 


1 on "7 
1ZU. / 


/-in p|A TT 1 n 

Cy — C 1 U — H 1 U 


1ZU. / 


Pin P11 pn 

C1U — Cll — Clz 


123.0 (2) 


Pin p 1 1 xn 
C1U — Cll — JN3 


lion 
116.9 (2) 


pn pi 1 \yi 

C1Z — Cll — JN3 


1 1 O 1 i"t\ 

116.1 (2) 


pn pn p 1 1 
C 1 3 — C 1 Z — C 1 1 


11/;/; 
116.6 \L) 


pi i pn iii~> 
C13 — C1Z — H1Z 


111 *7 

121 . / 


ni i pn iii") 
Cll — C1Z — H1Z 


111 H 

121./ 


n? ri3 riA 


1 77 Q H\ 


C12 — C13 — N4 


117.9 (2) 


C14 — C13 — N4 


119.2 (2) 


C13 — C14 — C9 


119.0 (2) 


C13 C14 H14 


120.5 


C9— CI 4— H14 


120.5 


C8— C9— C10— Cll 


-173.6(2) 


C9— C10— Cll— C12 


0.2 (3) 


C9— C10— Cll— N3 


-179.4 (2) 


02— N3— Cll— C10 


-4.2 (3) 
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p i \t i p a rif 

CI — JN 1 — C4 — Cj 


Oi.y (3) 


mi p a PC p /: 

JN 1 — C4 — CD — Co 


— 1 /0.4 (Z) 


pi /) \T 1 p-7 XT'") 

C4 — JN 1 — C / — JNZ 


l r o n\ 

-iD.o (3) 


p i \t i p-7 \ji 

CI — JN 1 — C / — JNZ 


1 /4. / (Z) 


CA Ml pt CI 

C4 — JN 1 — C / — b 1 


lo /.j3 (lo) 


p i \ti CI C| 

CI — JN 1 — C / — M 


-2.0 (3) 


pO Ml P*7 Ml 

Co — JNZ — C / — JN 1 


144.3 (Z) 


po \n cn c i 

Co — JNZ — C / — o 1 


-38.9 (3) 


P*7 Ml PQ P. 1 

C / — JN Z — to — <J 1 


—lo. 5 (4) 


C~l MT P o p r\ 

C7 — N 2 — C8 — C9 


163.4 (2) 


Ol— C8— C9— C14 


-27.4 (3) 


N2— C8— C9— C14 


152.7 (2) 


Ol— C8— C9— CIO 


147.1 (2) 


N2— C8— C9— CIO 


-32.8 (3) 


CI 4— C9— CIO— Cll 


0.7 (3) 



r\i mi pi i pin 
U3 — JN3 — Cll — C1U 


1 1 A Pi 0 \ 

i /4.y \i) 


(JZ — JN3 — Cll — ClZ 


1 /O.Z (Z) 


pi xyi pi i pn 
U3 — JN3 — Cll — ClZ 


-4.0 (4) 


p i pi pii p i o pi i 

C 1 U — C 1 1 — C 1 Z — C 1 3 


-1.2 (3) 


Ml P11 pn pn 

JN3 — Cll — ClZ — C13 


1 /O.J (Z) 


p 1 1 pn p 1 1 p i a 
Cll — ClZ — CI 3 — C14 


1.2 (3) 


p i i Pi 1 p 1 o m/1 

Cll — ClZ — CI 3 — JN4 


1 "7Q 1 (T\ 

i /y.3 (Z ) 


(\z M/i p 1 1 pn 
Uj — JN4 — CI 3 — ClZ 


1 /U.3 (Z J 


pi A m A PI 1 PI T 

<J4 — JN 4 — C 1 3 — C 1 Z 


-9.3 (3) 


PC M/1 P 1 1 P 1 /I 

05 — N4 — CI 3 — C14 


-11.5 (3) 


04— N4— CI 3— C14 


168.9 (2) 


CI 2— CI 3— CI 4— C9 


-0.3 (3) 


N4— CI 3— CI 4— C9 


-178.4 (2) 


CIO— C9— CI 4— CI 3 


-0.7 (3) 


C8— C9— CI 4— C13 


173.9 (2) 



Hydrogen-bond geometry (A, °) 

D—H-A D — H H-A D—A D—H-A 

N2— H2-01 i 0.87 (1) 2.53 (2) 3.264 (3) 142 (2) 

N2— H2-S1 1 0.87 (1) 2.69 (2) 3.436 (2) 144 (2) 

Symmetry codes: (i) x, -y+l/2, z+1/2. 
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Fig. 2 
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